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The demonstration of intraspecific differences in behavior which are due 
to genetic factors has been demonstrated by several workers. A biblio- 
graphy of such studies up to 1946 has been given by Hall (1947). In animals 
such as the rat and dog, variability has been clearly shown in the motiva- 
tional and temperamental aspects of behavior, conditioned reflex formation, 
and in the type of social relationships established (Scott, 1950; Searle, 
1949; Stockard, 1941; and Thorne, 1944). It is possible that there are also 
differences in perceptual ability, in rate of learning, and in the ability to 
analyze complex problems; but difficulties in excluding the effects of 
emotional upsets in test situations make it hard to obtain conclusive proof. 
These results of animal studies are in some disagreement with the results 
of studies on human identical twins. A recent text on human genetics 
(Stern, 1949) summarizes many researches with the statement that the 
balance of evidence favors a greater genetic effect on ‘‘intelligence’’ as 
measured by standard I. Q. tests than on ‘‘temperament’’ as determined by 
objective rating scales. The contradiction may be more apparent than 
teal, and further studies may reconcile the discrepancies. It should not be 
necessary to belabor the point that we are dealing with a field in which 
tigorously controlled experimentation is difficult. Behavior traits are 
highly modifiable by the environment, and environmental effects may be 
very subtle and difficult to detect. There is, however, no need to be ex- 
cessively pessimistic. Experiments such as those of Scott (1950) are 
extending our knowledge of the range of phenotypic variation which a par- 
ticular genotype will permit. Sociobiological and psychobiological studies 
of this kind may well have important consequences in education and social 
thinking. 

To complement behavior studies, however, there is place for research 
on the processes which lie between the transmission of genes from parent 
to offspring and the appearance of a characteristic behavior pattern. It 
is a far cry from minute particles of nucleo-protein in an egg or sperm to 
behavior described in terms of responses of aggression, timidity, courtship, 
or the ability to solve differential equations. To some it may seem pre- 
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sumptuous to attempt to bridge this gap at the present time. We are a long 
way from understanding how genes control relatively simple metabolic 
processes, while attempts to find the organic basis of psychological phe- 
nomena have fallen short of the rosy hopes of a host of investigators, 
Nevertheless, I believe that there is value in a brief survey of our present 
state of knowledge which may point the way to profitable avenues of 
investigation. 

Studies of gene control of the chemical characteristics of microorganisms, 
plants, and animals (Beadle, 1946; Catchside, 1950; Lincoln and Porter, 
1950; Wright, 1941), and on gene mechanisms and morphogenesis of higher 
forms (Dunn, 1949; Gluecksohn-Schoenheimer, 1945; Griineberg, 1947) are 
also pertinent to the relationship of genes to behavior. Physiological 
psychology is active with ideas concerning the energetics of human be- 
havior (Freeman, 1948); the description of brain function in terms of the 
unities found through factor analysis (Halstead, 1947); theories of feed- 
back and servo-mechanisms which have led to a new scientific field called 
cybernetics (McCullough, 1950; Wiener, 1948), and attempts to interpret f° 
the laws of behavior in terms of neurophysiological principles (Hebb, 1949; B 
Lashley, 1949). Paralleling such theoretical approaches are many experi- ' 
mental studies on brain-operated animals covering emotions (Bard and ( 
Mountcastle, 1948; Speakman and Babkin, 1950), delayed response (Pribram, ( 
1950), learning (Lashley, 1944) and a great deal of interest in problems fF} 
of nerve metabolism. The effects of hormones on behavior have been Fg 
admirably summarized recently (Beach, 1948; Collias, 1950), so that this P 


possible means of genetic control of behavior can be objectively evaluated. fr 
All of these developments have an influence on our way of thinking about f 
gene mechanisms and behavior. i « 
Although behavior is a characteristic of the organism as a whole, an § p 
cannot be considered as a property of any one system, it is certain that FF 1 
the nervous system is central to the integration of responses into coherent e 
patterns. Hence, it is profitable to emphasize the relationship of genesto F yy 
the nervous system. Plt 
Expressed formally, gene action may affect behavior through direct or es 
indirect action on the central nervous system. Direct effects include: in 
control of the number of neural elements; determination of the intercon fF th 
nections of the neural elements; and modifications of the chemical and kr 
physical characteristics of neurons, so that they are more or less readily Fi 
modified in the course of their functioning. In addition, there are secondary ca 
effects. Genes may determine the ability of an organism to utilize available F ay 
nutrients, and, therefore, the energy available to the control system. Anothet F te, 
type of control involves the effect of genes on the formation of chemical pre 
agents such as hormones, which affect the excitability of specific pathways ch 
in the central nervous system. Genes may also control the characteristics F gi, 
of exteroceptors (as in red-green color blindness), and thus influence the F Je, 


amount of information which the nervous system receives from outside the 
organism. Finally, they may influence the effectors, so that behavior 
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patterns requiring specific movements are facilitated or made impossible, 
and feed-back to the central nervous system is thereby modified. The direct 
effects of genetic sensory and motor defects on behavior are often obvious, 
and appear to be similar to those of the same defects of non-genetic origin. 
The indirect effects are primarily related to the fact that defective animals 
are at a great disadvantage when they are forced to compete. When pro- 


tected from competition such defective individuals may adjust well emo- 
tionally and show no behavior deficits which are not clearly related to 
their primary disability. In the remainder of this talk we shall be primarily 
concerned with evidence for effects upon the functions of the central 
nervous system. 

A complete case must include a demonstration that a particular physical 
character is gene controlled, and that a particular behavior pattern is a unit 
which is uniquely determined by the physical character. No such case is 
now known except for pathological conditions. 

Turning to the direct effects of genes on the nervous system, one would 
‘ expect that an increase in the number of neural elements would increase the 
flexibility of the control system and allow it to respond more selectively to 
variations in input signals. In general the brain-weight/body-weight ratio 
of vertebrates is positively correlated with psychological complexity 
(Lashley, 1947). No marked relationship between brain mass and behavior 
has been found within a species, though the work of Spitzka and Basset as 
quoted by Lashley indicated, in men and rats respectively, a tendency for 
superior performance to accompany increased brain weight/body weight 
ratio. 

There are many cases of neurological defects in genetically controlled 
strains of animals. Examples include ataxic and epileptic rabbits, ataxic 
pigeons, waltzing, shaker and other choreic mice. (For details see Riddle, 
1917; Nachtsheim, 1939; Sawin, Anders and Johnson, 1942; Griineberg, 
1943). In some cases (e.g. rabbit ataxia, Anders, 1945) these behavior 
mutants suffer from deficiencies in specific tracts of the nervous system. 
In the waltzing mouse no specific defect has been yet demonstrated as an 
essential component, although most waltzers have pathological conditions 
in the region of the acoustic nerve. In still other cases (rabbit epilepsy) 
the disorder is classed as functional because no structural pathology is 
known. These mutants may also differ in their general level of activity. 
For example, the waltzing mouse is extremely active and the males are re- 
corded as very aggressive. Waltzing and shaker mice have good vitality 
and fertility, but other defects, such as rabbit ataxia, are semi-lethal and 
tesult in progressive deterioration and death before reaching the age of re- 
production. It is unwise to draw too strict a line between the disorders 
Characterized by known pathology, and those which are called functional, 
since the latter undoubtedly involve derangement of structure at a finer 
level, colloidal or moletular. 

There are few quantitative studies on the nervous system of different 


genetic strains of animals. Smith (1928) has described variations in the 
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number of mitral cells in the olfactory bulbs of two strains of the albino rat, 
but he makes no reference to any behavioral differences which might arise 
from this condition. In general, it may be stated that careful quantitative 
studies almost always show great individual variability in the nervous sys. 
tem. This is well shown by a quotation from Lashley and Clark (1946) te. 
garding their work on the structure of the cerebral cortex of the spider 
monkey: ‘*There is scarcely a quantitative histological character which 
does not vary by 25 to 100% in local regions.’’ These observations were 
made on presumably normal specimens, but no genetic studies were under 
taken; nor is the behavioral significance of such quantitative morphological 
differences clearly established. A certain amount of structural variability 
occurs in strains of mice inbred for upwards of 100 generations. Characters 
such as the distribution of pigment rings in the tail and ventral spotting re- 
tain marked variability in essentially homozygous strains (Murray and 
Green, 1933). Perhaps the differences in cell arrangement of the cerebral 
cortex are produced by random mechanical factors rather than by gene differ- 
ences. The research necessary to show the origin of this variability should 
definitely be undertaken. 

In summary, therefore, the existence of individual differences in the 
structure of the central nervous system is well established, but their im 
portance for differences of temperament, social behavior and intelligence is 
unknown, and genetic control has been shown only for gross neurological 
defects. 

Genetic control may also operate through the production of variations 
in the autonomic nervous system. Lacey (1950) has demonstrated that in- 
dividuals have characteristic modes of physiological response to stressful 
situations. One person may react chiefly by a rise in systolic blood pres- 
sure, another by changes in heart rhythm, and still another by changes in 
skin resistance. The important role of the autonomic system in learning 
simple habits has been shown by Solomon and Wynne (1950) who found that 
sympathectomy in dogs retarded the formation of an avoiding response. It 
is likely that feed-back from autonomic effectors is one of the factors in 
fluencing the modifiability of the central nervous system. Various workers 
in the field of individual physiology have postulated that genetic factors 
produce the individuality (Wenger, 1948; Jost and Sontag, 1944). Recent 
studies on pure breeds of dogs have established the fact that each breed 
has a characteristic physiological profile, which appears to represent dif 
ferences in autonomic functioning (Fuller, in press). All of this evidence 
suggests that genetically controlled autonomic patterning may affect learned 
behavior, but intensive individual studies, in which all variables are com 
trolled, are needed to confirm the hypothesis. 

The question of genetic effects on the characteristics of the individual 
neurons leads to a consideration of individual biochemistry and metabolism 
(Keys, 1949; Williams, 1946). Recently the hypothesis has been put for 
ward that alcoholism may be produced by a hereditary inability to utilize 
specific nutrients, and the term ‘‘genetotrophic disease”’ has been intro 
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duced to describe such cases (Williams, Berry and Beerstecher, 1949). 
For many years we have known of phenyl-pyruvic amentia, a type of heredi- 
tary feeble-mindedness attributable to the failure of a specific enzyme to be 
formed in the brain. Here, again, we deal with a gross disorder sharply 
separated from the normal. Utilizing another gross deficiency, Koch and 
Riddle (1919) found that the brains of ataxic pigeons showed marked chemi- 
cal deviation from normal, and the brain of the ataxic rabbit has been shown 
to be deficient in free amino acids (Roberts, Frankel and Harman, 1950). In 
chemical studies, as in anatomical ones, it is relatively easy to find evi- 
dences of genetic factors operating to produce gross pathologies but the 
significance of variability in the normal range has not been shown. 

A promising tool for investigating the physiological genetics of behavior 
is the sound-induced convulsion characteristic of certain strains of mice 
when they are stimulated by a loud, high-pitched sound. Susceptibility to 
these seizures is definitely a genetic trait (Hall, 1947; Witt and Hall, 1949; 
Fuller, Easler and Smith, 1950), and is not merely a function of some ex- 
trinsic factor such as middle ear infection (Miller and Zamis, 1949). Ani- 
mals of high and low susceptibility strains appear essentially normal in 
ordinary laboratory situations, although the highly susceptible strain is 
considered slightly less vigorous. The DBA strain, a highly susceptible 
strain, is also high in mammary tumor incidence, but other high mammary 
tumor strains have been found to be resistant to seizure. Young DBA mice, 
when exposed to sounds above 5000 cycles frequency at intensities near 
100 decibels, usually go into a fit of wild running which terminates in a 
convulsion, often fatal. Ginsburg, surveying the literature on rat seizures, 
noted that many of the substances whose deficiencies increased suscep- 
tibility functioned in the body as enzymes. In a series of researches 
Ginsburg (1949) and his co-workers (Ginsburg, Ross, Zamis and Perkins, 
1951) have investigated the physiological and chemical correlates of sus- 
ceptibility. As a result of these studies Ginsburg has postulated that a 
contributing factor to seizure susceptibility is a deficiency in carbohydrate 
metabolism. This may be genic in the case of the DBA mouse, or nutri- 
tional in the case of the rat which is deprived of thiamine or magnesium. 
Deficiencies in enzyme systems due to genes are well known in Neuro- 
spora and relative deficiencies in the enzyme of a mammalian brain may be 
the cause of increased susceptibility to sound-induced seizures. Direct 
proof of this hypothesis still requires demonstration of metabolic differ- 
ences in the nervous systems (or at least in certain parts of the nervous 
System) between susceptible and non-susceptible strains. 

Closely allied to the gene-enzyme problem is the more general problem 
of the role of genes in protein synthesis. A physico-chemical theory of 
learning. which has recently been developed by Katz and Halstead (1950), 
attempts formally to relate gene action and the type of change in the nerv- 
ous system which accompanies learning. Their model of learning is based 
upon protein molecule denaturation by electrical fields set up during trans- 
mission of nerve impulses. The extreme diversity of the protein molecule 
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and the well-known specificity of molecules formed by different genetic 
systems, for example the Rh blood groups and the blood groups of cattle 
(Irwin, 1947; Stormont, 1950), give this theory a definite plausibility. 

Neurons formed by the action of one set of genes might be composed of 
proteins which were more readily denatured than proteins formed by another 
set of genes. Psychologically this would result in more rapid learning. 
Furthermore, these denatured molecules might be highly stable, and the 
learned behavior would persist; or unstable, and it would rapidly become 
extinct. A hypothesis of this type involves imagination which goes beyond 
proven facts, but Katz and Halstead have suggested experimental means of 
testing the theory, and we may hope that it will stimulate fruitful research, 

Turning to indirect effects of genes on the nervous system, the role of 
the endocrine glands must be considered. Beach’s (1948) monograph enu- 
merates many researches concerned with endocrine effects. If we take as 
an example the action of the sex hormones, it is obvious that what is essen- 
tially the same chemical substance produces quite different courtship be- 
havior in various species of amphibia, birds and mammals. Conversely, 
even within the same individual, typical male and female behavior may be 
produced by appropriate treatment with androgens or estrogens. The control 
of sex behavior by hormones is more complicated than a simple channelling 
into male patterns by male hormones, and into female patterns by female 
hormones, but numerous experiments have shown that genetic potentialities 
which would normally never be expressed may be elicited by hormone ad- 
ministration. In experimental reversal of sex behavior, genetic specificity 
is not lost. The androgen-treated bitch behaves like a male dog, and not 
like some other species. The importance of the somatic substrate is further 
shown in experiments by Grunt and Young (1950) who castrated male guinea 
pigs of high and low sexual activity. Both groups fell to a very low level 
of sexual activity. When the subjects were placed on hormonal therapy with 
identical dosage, the amount of sex behavior increased in both groups, but 
high-drive animals returned to a high level and low-drive animals recovered 
only to their previous low level. A somatic factor of target organ sensitiv- 
ity appears to be the most likely explanation for this finding. 

Space will not permit an exhaustive consideration of genetics, endo- 
crines, and behavior. Certainly, quantitative differences in hormone ad- 
ministration (Beach and Holz-Tucker, 1949) will have quantitative effects 
on behavior. The sexual activity of male rats increases with higher levels 
of testosterone injections. However, variation in tissue responsiveness to 
hormones appears to be widespread. The schizophrenic (Hoagland, 1950) 
has adrenals which are markedly unresponsive to ACTH, and a genetic 
factor has long been suspected in this disease. Speirs (personal communi- 
cation) working at the Jackson Laboratory has found great variability in the 


eosinopenic response of various strains of mice when injected with corti 
coids. The mouse strains are also known to differ in their storage of ad- 
renal lipids (Vicari, 1943). Although androgens are known to be important 
in producing so-called spontaneous fighting in mice (Beeman, 1947), 
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C3H and C57 black mice, which differ in fighting ability (Ginsburg and 
Allee, 1942) have similar levels of 17-keto steroid excretion (Karnofsky, 
Nathanson and Aub, 1944). Genes may affect behavior through control of 
the amount of hormones secreted, but probably a more important type of con- 
trol is through modification of neurones and other target organs making them 
more or less sensitive to hormones, and thus altering the threshold of ex- 
citation of certain key circuits in the nervous system. 

Another hypothesis for the mechanism of gene action on behavior is that 
genes affect the rates of physiological reactions in the nervous system. 
This theory is supported by evidence that brain wave frequencies have a 
hereditary basis (Lennox, Gibbs and Gibbs, 1945). A similar concept is 
familiar to students of growth, since morphological variability has been 
attributed to genetic control of rates of growth in specific centers (Huxley, 
1932; Sawin, 1945). Excellent material for the study of gene-controlled time 
constants in the nervous system is found in the various mouse strains sus- 
ceptible to sound-induced convulsions. It has been found that the latency 
of ‘hese seizures, that is, the length of auditory stimulation necessary to 
produce a convulsion, is shorter in strains with high susceptibility (Fuller, 
Easler and Smith, 1950). This led to the hypothesis that auditory stimula- 
tion induces at least two processes; one, excitatory, culminating in a vio- 
lent spasm or convulsion; the other a process of accommodation which 
raises the threshold to convulsions. We do not have any definite evidence 
as to the nature of these processes. They may be primarily chemical, in- 
volving the production and hydrolysis of a substance like acetyl-choline 
(Freedman, Bales, Willis and Himwich, 1949); or physical, involving 
changes in the electrical properties of neurons which produce changes in 
the excitability of motor centers; or physiological, involving reverberating 
circuits with long persistence. The final result of prolonged loud auditory 
stimulation depends upon the outcome of a race between two opposing pro- 
cesses. If the excitatory process overtakes the accommodation process a 
convulsion occurs; if accommodation stays ahead, there is no convulsion, 
although preconvulsive behavior may be observed (figure 1). The line be- 
tween convulsions and non-convulsions is sharply drawn, so that the out- 
come of the race can be accurately determined. 

Fuller, Easler and Smith applied Wright’s (1934) concept of developmental 
thresholds to their data on audiogenic seizure and concluded that “‘what 
appears to be a character of alternative expression is in reality a quantita- 
tive character which varies over a wide range.’’ The general theory of 
heritability of threshold characters has recently been discussed by Demp- 
ster and Lerner (1950). These authors use the term p scale for the de- 
termination of a character in terms of its probability of appearance; for 
example the risk of a convulsion when a mouse is exposed to a standard 
auditory stimulus. The term x scale is used for the continuously variable 
factor which presumably underlies the character which can be directly 
measured on the p scale. The evidence is very strong that one underlying 
variable determining susceptibility to audiogenic seizures in mice is a rate 


THE AMERICAN NATURALIST 


A—ACCOMODATION 
E—EXCITATION 


S—STIMULUS 


LATENCY 


FIGURE 1. The relationship of stimulus, accommodation rate, and latency of 
convulsion in audiogenic seizures of mice. At the onset of stimulation, the level 
of excitation rises rapidly to a maximum. At the same time a process of accommo- 
dation starts at a rate depending upon the genotype of the mouse. The figure 
shows four different rates of accommodation; the slowest results in a very small 
latency; the fastest prevents the occurrence of a convulsion. 


of accommodation which is inversely related to measurements of latency. 
Convulsion latency is remarkably constant under various experimental con- 
ditions in both rats and mice. Morgan (1941) and Wiener and Morgan (1945) 
found that latency was unaffected by intensity and quality of stimulation, 
or by cortical lesions, although these factors influenced the incidence of 
convulsions. Convulsions are always preceded by a period of wild running 
lasting from two or three seconds up to as much as thirty seconds. Follow- 
ing a suggestion of Dr. Ginsburg, strain A mice (34 days old at the be- 
ginning of the experiment) were exposed to auditory stimulation in the 
usual manner, but were forced to run by pushing them with a small paddle 
whenever they attempted to stay in one place. The animals were divided 
into two groups. Group I was scheduled: Agitation trial, 48 hours, non- 
agitation trial, 48 hours, agitation trial, until 8 trials were given. Group Il 
was scheduled the same, except that the odd numbered trials were ‘‘non- 
agitated,’’ and the even trials were ‘‘agitated.’’ No significant differences 
were found between the groups. Each animal served as its own control, 
and the data were analyzed for relationship of agitation to the seizure 
risk, to seizure latency and to the occurrence of the first convulsion. 
There was an indication that under the conditions of the experiment, sus- 
ceptibility increased following the first convulsion. The results were: 
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First Mean 
convulsion latency 


Agitation trials — 92 55 19 62.1 +2.8 
Non-agitation trials 92 38 7 63.3 +4.0 


Trials Convulsions 


There is no difference in latency, although agitation significantly in- 
creases both convulsion risk of a given individual (p < .01) and the likeli- 
hood of a convulsion in a previously resistant animal (p < .02). 

All this evidence indicates that the mechanism determining latency is 
near_the end of the chain of events which culminates in a convulsion, and 
that it is relatively insensitive to experimental manipulation. “To date, the 
genetic effect is the only variable known to modify convulsion latency in 
mice, though it is likely that experimental control could be produced by 
utilizing the same physiological means which are employed by the genes. 
Some function of latency seems to be the best candidate for the x scale 
variable. 

Recent experiments (table 1) involving crosses between three strains of 
mice, DBA/2 with high susceptibility, A with moderate susceptibility, and 
C57BL with extremely low susceptibility confirm the threshold hypoth- 
esis which was originally based only upon crosses between the first and 
third strains. The adjusted mean latencies recorded in this table are 
based upon a probit transformation of the data, under the assumption that 
non-convulsers have a presumptive latency which cannot be directly meas- 
ured, but can be calculated if a normal distribution of latencies is assumed. 
Both measures of latency are negatively correlated with convulsion risk, 
but bear no relationship to the incidence of fatal convulsions. A separate 
genetic and physiological system appears to be involved in protection 
against the stress of undergoing a convulsion. Although the hypothesis 
that genes control convulsive behavior and the outcome of convulsive be- 
havior by affecting the relative rates of accommodation is strongly sup- 
potted by these findings, this type of experiment does not isolate the 
specific processes which are involved. Direct physiological and bio- 
chemical observations will be necessary. 


TABLE 1 


AUDIOGENIC SEIZURES IN VARIOUS INBRED STRAINS AND THEIR HYBRIDS. 
Deaths 


Convulsion Mean latency S. D. of Adjusted pes 
risk seconds latency latency siemens 


38.3 -87 


DBA X DBA .92 : 1 
1 39.4 


DBA XA 91 
DBA X C57 -76 56.5 
AXA 1 5.7 -00 
A X C57 -045 mA est. 74.6 one 
C57 X C57 No convulsions 


2. 
6. 
9. 
2. 


*Too few cases to compute a standard deviation. 
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To summarize briefly, genes might act on behavior mechanisms at the 
level of organs, cellular arrangement or molecular structure. Gross organ 
defects influence behavior, but many behavioral differences are uncorre- 
lated with easily observed structural differences. There is a great deal of 
evidence for individual differences in the cellular arrangement of sup- 
posedly normal nervous systems, but the genetic control of these variations 
and their significance for behavior have yet to be worked out. Variations 
in autonomic patterns have been shown to have a genetic basis and are 
important in behavior, but correlations within an individual organism have 
not been made. 

At the molecular level there is a great deal of presumptive evidence 
that the sensitivity to specific hormones and other physiologically active 
substances varies between individuals and between genetic strains of 
mammals. Students of behavior should make wider use of these cases of 
strain differences turned up by biologists. In the case of sound-induced 
seizures of mice, there is evidence for some sort of neural deficiency in 
susceptible mice. This deficiency is not absolute but alters the time con- 
stants of excitatory and adaptive responses so that a stress situation pro- 
duces an explosive breakdown in certain genetic types. These genetically 
determined time constants are much longer than those of single neurons, 
which are usually measured in milliseconds, or of the ‘‘brain waves’’ of the 
cerebral cortex, which are measured in cycles per second. Their very 
slowness makes them particularly convenient for chemical and physiological 
analysis. 

It is still a long way from nucleoprotein molecules to the behavior pat- 
terns of mating or of problem solving. The gap can be closed only by de- 
tailed exploration of promising experimental materials—animals which are 
well controlled genetically and well understood developmentally, physio- 
logically and psychologically. 

These problems are difficult, but they have a peculiar fascination. Ten 
years from now it should be possible to give a much more definitive account 
of gene mechanisms and behavior—one which will be more instructive to 
the reader and more satisfying to the writer. 
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INTERSPECIFIC COMPETITION BETWEEN DROSOPHILA 
FUNEBRIS AND DROSOPHILA MELANOGASTER 


DAVID J. MERRELL 


University of Minnesota 


In the ‘‘Origin of Species,’’ Darwin developed the concept of natural 
selection as the mechanism of speciation. As one phase of natural selec- 
tion, the competition of organisms with one another was cited. This com- 
petition is primarily the result of the high reproductive potential of all 
species compared to the environmental capacity to support them. The 
biotic environment determines the extent of the competition, which is there- 
fore governed by the numbers of organisms present. Since the requirements 
of members of the same species are most similar, Darwin suggested that 
intraspecific competition would be most severe, with the competition les- 
sening, the greater the differences between various groups in their demands 
upon the environment. 

The studies of competition since this first rather general statement of 
the problem have led to certain theoretical and experimental conclusions. 
On the basis of theoretical equations, Lotka (1925) and Volterra (1926), 
(see also Ross, 1908), independently predicted that two types with identical 
needs and habits cannot survive in the same place if they compete for 
limited resources. If both types are found together in nature, they must 
differ in their ecology, or else there are fluctuations in the environment, 
favoring first one and then the other competitor. Intraspecific competition 
between mutants of the same species has repeatedly shown that the wild 
type genes will survive the mutant alleles in populations of D. melanogaster 
(Lutz, 1911; L’Heritier and Teissier, 1937; Reed and Reed, 1950). An 
unforeseen exception to this rule is to be found in the survival of two types 
because of the superiority of the heterozygotes over the corresponding 
homozygotes for inversions in D. pseudoobscura (Dobzhansky, 1947). The 
survival of more than one type maintains genetic variability in the population. 

Experiments with interspecific competition between similar species have 
also demonstrated the validity of the theory (Gause, 1934; Crombie, 1947; 
Zimmering, 1948). Careful analysis of the instances in which both species 
survive has shown that they occupy slightly different niches (Gause, 1934; 
Crombie, 1947). 

The . importance of these results to evolutionary theory is considerable. 
Organic evolution has been marked by the repeated divergence of new lines 
(“adaptive radiation”), which have invaded new habitats, and also by the 
evolution of more ‘‘efficient’? types, which have replaced existing forms. 
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The extent to which competition has been responsible for these trends can 
not be readily estimated, but the conclusion that it has been a factor seems 
inescapable. 


METHODS AND RESULTS 


Since the pioneer work of Pearl (1926), Drosophila populations have fre- 
quently been used to study the dynamics of populations (L’Heritier and 
Teissier, 1937; Bodenheimer, 1938; Dobzhansky, 1947; Sang, 1950; and 
many others). In many early experiments, the flies were placed in a closed 
system, and the course of events was followed to the exhaustion of the food 
supply and the death of the flies. More recently, maintenance of the pop- 
lations has been made possible by the use of population cages (Dobzhansky, 
1947) or population bottles (Reed and Reed, 1948) to which food can be 
added at intervals. 

L’Heritier and Teissier (1935) observed that mixed populations of D, 
melanogaster and D. funebris in population cages reached an equilibrium 
with a large population of D. melanogaster and a small population of D, 
funebris, no matter what their initial proportions. They noted the incon- 
sistency of their results with the mathematical theories of competition and 
with the results of Gause. The observation that stocks of D. funebris 
survived longer in a bottle than a pure culture of D. melanogaster raised 
the question of whether this predominance of D. melanogaster in mixed 
populations would hold under all conditions. 

Therefore, five mixed populations were started in population bottles with 
five males and five females of each species. The Oregon R strain of D. 
melanogaster and a local strain of D. funebris were used. The number of 
populations under study can be readily doubled at any time by attaching a 
bottle of fresh food to each bottle of the population unit. This procedure 
was occasionally followed to make additional populations available for 
study. The food consisted of the standard cornmeal medium (Demerec and 
Kaufmann, 1945) seeded with brewer’s yeast. The temperature throughout 
was 20+ 0.5°C. 

The course of events can be followed in table 1 and figure 1. The data 
consist of samples of the mixed populations taken to determine the relative 
proportions of each species, and are not the total number of adult flies in 
the populations. Both species have coexisted in the population bottles for 
almost two years. The ‘‘equilibrium,’’ however, is clearly not stable, but 
may undergo wide variations. These fluctuations can be correlated quite 
clearly with the age of the food. When fresh food was added, the proportion 
of D. melanogaster increased; as the food became older, the proportion of 
D. melanogaster declined. No food was added to two of the units, and the 
final populations were composed only of D. funebris before they died out. 
This result was confirmed with eight more mixed populations, a total of 
ten altogether. Addition of food before the extinction of D. melanogaster 
resulted in an increase of this species. If the food was added at regular 
intervals, and the counts made at about the same relative time in the cycle 
of food addition, a fairly stable equilibrium appeared to exist with D. 
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TABLE 1 
COMPETITION IN POPULATICN BOTTLES BETWEEN D, MELANOGASTER 


AND D. FUNEBRIS 


Day Populations — 
0 5 eee 50.0 
14 5 771 po 
21 5 1832 2.0 
28 5 1470 1.9 
37 5 566 33.0 
54 4 195 16.4 
61 4 123 93.5 
72 2 138 94.2 
84 2 262 
109 2 40 67.5 
174 4 491 4.0 
207 4 341 6.5 
247 4 444 6.3 
271 6 455 
315 6 670 72 
347 6 763 | 
387 6 472 11.0 
452 6 116 #233 
567 3 202 8.9 
649 4 100 30.0 


melanogaster predominating. This situation has persisted for more than 
a year. However, during this period, two units became pure D. /unebris, 
and another pure D. melanogaster, indicating the precarious nature of the 
equilibrium. The losses probably occurred more or less by chance when 
the population of the lost species had been reduced by unfavorable 
conditions. 

The data show that an equilibrium does, in fact, exist between two 
species of the same genus living in a system with a volume slightly greater 
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FIGURE 1. Competition between D. melanogaster and D. funebris in population 
bottles. No food was added to the two units reaching 100 per cent D. funebris 
at 72 days. 
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than a pint and drawing on the same basic source of energy. The next 
question to be considered is whether this result is an exception to the 
mathematical conclusions of Volterra and Lotka that species in direct 
competition with one another can not coexist. 

It seems clear that even within this small system, the species are not 
occupying identical niches. In the first place, the system is neither closed 
nor constant, but fluctuates with the age of the food. The greater success 
of D. melanogaster on fresh food and of D. funebris on older food indicates 
a difference in their methods of utilizing the energy source. This difference 
is probably related to the differences between the micro-organisms on the 
fresh medium and those on the old medium, which have not yet been ana- 
lyzed. The terms ‘‘fresh food’’ and ‘told food’’ are a simple means of 
referring to this undoubtedly more complex situation. Furthermore, if the 
food is not replenished, D. funebris does win out over D. melanogaster. 
Theoretically, on a constant supply of fresh food, D. melanogaster should 
eliminate D. funebris, but this experiment is not feasible. The food would 
have to be renewed so frequently that no D. funebris would emerge even 
without competition. 

Since, in mixed populations, there was a delayed appearance of D. fune- 
bris pupae compared to their time of appearance in pure cultures, mixtures 
of the larvae of the two species were studied. To facilitate counting, 
petri dishes with a layer of yeasted medium were used. Five fertilized 
females of each species per petri dish were permitted to lay eggs together 
for a day. Controls were run for each species separately. After the adults 
were removed, the eggs were counted. Fortunately, the eggs of D. melano 
gaster have only two filaments while those of D. funebris have four. It is 
therefore possible to make a positive identification of the eggs laid by each 
species. Larval counts were not satisfactory because of the activity, the 
burrowing, and the lack of a simple means of classification of the larvae. 
However, the pupae are quite different in color and appearance so that the 
number of individuals of each species successfully completing the larval 
period could be readily determined. 

Table 2 shows that, under these conditions, the presence of alien females 
had no apparent effect on the rate of egg deposition. The standard errors 
give an indication of the variability in the numbers of eggs per five females, 
but the sample size was also small. The D. melanogaster females appeared 
to lay eggs at a rather low rate, but it was the same in the controls as in 


the mixed populations. 


TABLE 2 
EFFECT OF ALIEN SPECIES ON EGG LAYING 


Mean eggs/5 


D. funebris control 
D, funebris (with D. melanogaster) 10 
D. melanogaster control 3 
D. melanogaster (with D. funebris) 3 


j 
7.7 
0.0 + 17.9 
4.3 $12.4 
4 
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Table 3 shows the results of these experiments. Only one of the controls 
for each species was followed through this stage. The proportion of D. 
melanogaster eggs which reached the pupal stage did not differ signifi- 
cantly in the pure and mixed cultures and was over 90 percent in both 
cases. The presence of D. funebris larvae had no effect on the develop- 
ment of the D. melanogaster larvae even though they outnumbered the D. 
melanogaster larvae by at least three to one. 


TABLE 3 
THE EFFECT OF LARVAL COMPETITION 


Control Mixed population Control 


melanogaster melanogaster funebris funebris 


n percent n percent n percent n percent 


Eggs 24 100.0 130 100.0 445 100.0 131 100.0 
Pupae 22 91.6 127 97.7 Py 62.3" 124 94.7 


*Difference from the control is statistically highly significant. 


On the other hand, the proportion of D. funebris eggs reaching pupation 
‘was definitely decreased in mixed larval populations. Almost 95 percent 
of the eggs formed pupae in the controls, but just over 60 percent pupated 
when D. melanogaster larvae were also present. Thus, under these con- 


ditions, D. melanogaster had an adverse effect on the development of 


D, funebris. 

Figure 2 shows something of the nature of this effect. On the seventh 
day after egg laying began, pupation of D. melanogaster larvae was com- 
plete in both pure and mixed cultures. However, the first D. funebris 
pupae appeared in the control on the eleventh day, but not until the four- 
teenth day in the mixed populations. Even though no D. melanogaster 
larvae were present after the seventh day, not only was the rate of develop- 
ment of the D. funebris larvae retarded, but a third of them never pupated. 
It can be assumed that the losses of D. funebris in this case occurred 
Primarily in the larval period. If there were no larval competition, but 
instead the D. melanogaster eggs hatched first and the larvae damaged or 
buried a certain proportion of the D. funebris eggs, then the time of pupation 
for D. funebris should have been the same in both control and mixed popu- 
lations. Actually, the development of D. funebris averaged about three 
days longer in the mixed populations. In addition the hatchability of D. 
funebris eggs in the presence of D. melanogaster eggs laid at the same time 
was tested directly. Although the D. melanogaster eggs hatched sooner 
than those of D. funebris on the average, the young larvae did not affect 
the hatchability of D. funebris eggs significantly. The range in pupation 
time, even in the D. funebris control, indicates that the medium was not 
the optimum environment for the development of the larvae although 94.7 
Percent of the eggs in the control ultimately pupated. The above results 
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FIGURE 2. Competition between larvae of D. melanogaster and D. funebris. 


with mixed larval populations show clearly that the two species do compete 
with one another directly to some extent. 

Since the species are in direct competition, an investigation of the way 
in which both manage to survive was undertaken. The necessary clue 
lay in the fluctuations in the relative proportions of the species with the 
change in age of the food. 

Two sets of experiments were run to test this difference. In the first, 
the half-pint bottles from a population unit were separated, and the larvae 
present were allowed to develop (table 4). The larvae were strained from 
the food in the old bottle and placed on fresh food. All the larvae from 
the old bottle turned out to be D. funebris. Adults of botk species had had 
access to the new bottle for three days. These adults were removed and 
development allowed to proceed in the new bottle. Only D. melanogaster 
imagoes emerged. Thus, there was an apparent complete segregation, in 
this case, of the larvae. However, since at some time, a ‘‘new’’ bottle 
becomes ‘“‘old,’’ there must be a period when both kinds of larvae are 


present in the same food. 


TABLE 4 
LOCATION OF LARVAE IN A POPULATION UNIT 


Funebris Melanogaster 

Initial adult population 3 16 11 12 
Adults emerging 

Old bottle 1] 17 0 0 


New bottle 


164 
100 
80 i 
0 
0 0 95 107 
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In order to find out more about the differences between the larvae, a 
"Dobzhansky’’ population cage was started. The initial population was 
composed of D, funebris. This population was well established after two 
months, and 20 D.. melanogaster were then introduced, 10 of each sex. 
Samples were taken from food cups of various ages to determine the pro- 
portions of each species present. The contents of a cup were transferred 
to two half pint bottles containing additional food so that favorable con- 
ditions for development of the larvae existed. The results are shown in 
table 5. Without regard to the adult population, which, of course, is a 
factor in the larval population, it can be seen that D. funebris inhabited 
both old and new food cups, but practically no D. melanogaster were ob- 
tained from the old food. In the cases in which both species were present 


TABLE 5 
LARVAL POPULATION IN CAGE 


Age of Funebris Melanogaster han Funebris Melanogaster 
percent n_ percent food m percent n_ percent 
6 39 164 100.0 0 0.0 26 153 100.0 0 0.0 
22 42 208 99.5 1 0.5 12 167 97.1 5 2.9 
42 141 100.0 0 0.0 
36 30 441 99.8 1 0.2 10 582 70.2 247 29:8 
40 30 930 100.0 0 0.0 14 884 86.6 137 13.4 
76 50 94 100.0 0 0.0 17 538 82.3 116 I77 


in a cup, almost all of the D. melanogaster had emerged before any D. 
funebris adults appeared. D. melanogaster was evidently able to maintain 
itself in the cage because of its faster rate of development on the fresh 
medium. However, this initial advantage did not persist, and eventually 
the food was suitable only for the development of D. funebris. The possi- 
bility that the females differ in their choice of sites for oviposition would, 
of course, also influence the results. However, the interpretation given 
above is probably essentially correct since the course of events was similar 
in the mixed populations in which the females had no choice because no 
food was added. 

Lin (unpublished) has performed certain experiments which throw further 
light on the larval competition. He studied competition between just two 
larvae for a quantity of yeast insufficient for the normal development of 
both. If both larvae were of the same species, either D. funebris or D. 
melanogaster, they both failed to grow normally. However, if a larva of 
each species was present, the D. melanogaster larva developed normally, 
but the D. funebris larva did not. These results confirm the superiority 
of D, melanogaster over D. funebris in its ability to grow on yeast. 

Table 6 and figure 3 contain the data on the adult population in the cage. 
The build-up of the D. melanogaster population in the cage was quite 
tegular until by the 73rd day practically all the adults were D. melanogaster. 
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However, by that time, all except three cups were 39 days old or more, 
Table 5 shows that cups of this age could not support D. melanogaster 
larvae so that the sudden change in 11 days from an adult population con- 
sisting of almost 100 per cent D. melanogaster te one of almost 100 per 
cent D, funebris is not surprising. The addition of food cups at regular 
intervals should stabilize the proportions of the two species in the 
population. 


TABLE 6 
SAMPLE OF ADULT POPULATION IN POPULATION CAGE 


Funebris Melanogaster 


Day 
percent percent 


i=) 
=) 


1 
1 


We 


1 
2 
5 
6 
6 
0 
8 
4 


0 
0 
1 
3 
1 
2 
8 
0 
1 
5. 
0 
0 
8 
2 
0 
3 
1 
4 
2 
5 


\o 


*Day D. melanogaster were introduced. 
Adults of this species were observed in the cage. 


DISCUSSION 


It may be concluded that the coexistence of D. melanogaster and D. 
funebris in laboratory populations does not constitute an exception to the 
mathematical theories of Lotka and Volterra. If the populations are run in 
a closed system. to which no food is added, one species, D. funebris, does 
eliminate the other, However, if the populations are run in an open system 
to which food is added at intervals, both species are able to survive. The 
relative proportions of the species will depend upon the condition of the 
food. In this case, the survival of both types is due to the fluctuations in 
the environment which favor first one species and then the other. This 
case differs to some extent from the work with graminivorous insects 
(Crombie, 1947) and Protozoa (Gause, 1934) where two species coexisted 


22 [ 
42 152 
47 125 
51 150 
55 158 
61 57 
68 28 
73 ot 
77 2 
79 6 54.5 5 
83 20 100.0 ot 
87 13 100.0 ot 
90 49 81.7 il 1 
97 41 97.6 
99 36 90.0 4 1 
101 30 66.7 15 3 
104 45 49.4 46 5 
107 37 35.2 68 6 
110 12 7.8 142 9 
115 35 24.3 109 7 
121 15 8.3 166 
125 10 3.6 265 
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FIGURE 3. Competition between D. melanogaster and D. funebris in a population 
cage. 


because they occupied different ecological niches. It is more comparable 
to the study of the polymorphic ladybird beetle, Adalia bipunctata, by 
Timofeef-Ressovsky (1940). The dark phase is favored during the summer 
months, but a greater proportion of the light phase survives hibernation. 
Thus, in that instance, the changing of the seasons favors alternate types 
and both survive. 

Both D. funebris and D. melanogaster are cosmopolitan species whose 
wide distribution is evidence for their success under many conditions. 
D. melanogaster is generally regarded as a tropical species which has 
been introduced into many parts of its present range, but is absent from 
more northern regions and probably does not over-winter out-of-doors in 
some areas where it has been collected (Sturtevant, 1921). D. funebris, 
on the other hand, is probably primarily a temperate zone species (Timofeeff- 
Ressovsky, 1933) with a range extending farther to the north than that of 
D. melanogaster. Timofeeff-Ressovsky (1935) has shown that some of the 
success of D, funebris in various regions of the western Palaearctic can 
be attributed to the genetic adaptation of local populations to the tempera- 
tures prevailing in those regions. The work of Moore (1949a, 1949b) with 
the widely distributed leopard frog, Rana pipiens, has shown that similar 
adaptations make its distribution possible. It is conceivable that the 
Success of many widespread species may be due not to some indeterminate 
innate superiority but to the ease with which their genotypes can be modified 
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by selection to adapt to a wide range of environmental conditions. However, 
although D. funebris and D. melanogaster are cosmopolitan species, it 
seems clear that in a given constant environment, one species will elimi- 
nate the other even though without competition the latter might survive. 


SUMMARY 


1. Interspecific competition between populations of D. melanogaster and 
D. funebris was studied. 

2. Both species coexisted in population bottles for almost two years. 

3. The survival of both species does not constitute an exception to the 
mathematical theories of competition of Lotka and Volterra. 

4, Analysis showed that most of the competition occurred between the 
larvae. 

5. The survival of both species can be attributed to fluctuations in the 
environment which favored first one species and then the other. The 
fresh yeasted medium was more favorable to the development of D, 
melanogaster larvae. As the food aged and other microorganisms ap= 
peared, if was more suitable for the growth of D. funebris larvae. 
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**GLIDING’’ IN AMPHIBIANS AND RFPTILES, WITH A 
REMARK ON AN ARBOREAL ADAPTATION IN 
THE LIZARD, ANOLIS CAROLINENSIS 
CAROLINENSIS VOIGT. 


JAMES A. OLIVER 


University of Florida and The American Museum of Natural History, New York 


Thomas Belt (1874), in his interesting account of the natural history of 
Nicaragua, was impressed by the leap of a green lizard of the genus Anolis 
from a height of more than fifty feet. The lizard was being pursued by a 
green snake; both prey and predator came out of the tree in the same fashion. 
As soon as they hit the ground, the pursuit was continued without hesita- 
tion. The lizard had alighted on its feet and immediately hurried away. 

The ability of arboreal forms to leap from great heights without harm is 
a valuable adaptation to life high above the surface of the ground. This 
ability reaches its maximum development among non-flying animals that 
have developed some form of a patagium and that are capable of gliding. 
Several phyletic lines are represented in this category of gliding forms. 
The best known examples among terrestrial vertebrates are: the Flying 
Squirrels (Subfamily Petauristinae), the Flying Phalangers (Genera Acro- 
bates and Petaurus), and the Flying Lemurs (Genus Cynocephalus), among 
mammals; and the Flying Lizards (Genus Draco), among reptiles. A second 
category, less well-known, but of considerable interest, contains forms 
that possess small structural and behavioral modifications that enable the 
animals to retard the speed of descent through the air. With these forms 
descent is more rapid and at a lesser angle from the vertical line than is 
descent by gliding. In this category belong forms whose vernacular names 
erroneously imply a greater ability of aerial locomotion than is actually 
possessed; for example, the Flying Frog (several species in the Genus 
Rhacophorus) and the Flying Snake (Genus Chrysopelea). 

These categories represent two extremely different degrees of arboreal 
adaptation and therefore it seems desirable to designate the two modes of 
descent by appropriate terms. In the past, the words ‘‘flying’’ and ‘‘gliding”’ 
have been used most commonly to describe aerial descent by non-flying 
vertebrates. The two terms have distinctly different meanings. Briefly, 
“flying’’ is aerial locomotion involving propulsion by means of the flapping 
or beating of wings, whereas ‘“‘gliding’’ is aerial locomotion without any 
“motor” propulsion (i.e., beating of wings) wherein the animal loses alti- 
tude in order to maintain forward motion. Among living species of amphib- 
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ians and reptiles there are no species that can properly be designated as 
flying forms. 

Other terms, such as volplane, plane, and soar, have also been used to 
describe the aerial movements of amphibians and reptiles. Ilesse, Allee and 
Schmidt (1937) speak of structural ‘‘parachutes’’ and of ‘‘parachuting’’ forms. 
They state, ‘‘The essential principle involved is the development of rigidly 
supported membranes which enlarge the under surface of the bedy and permit 
gliding flight.’? This includes the mammals and the lizards mentioned in the 
first category above but excludes the forms named under the second category. 
Mertens (1948) employed the term ‘‘parachute fliers’’ (Fallschirmflieger) 
for the non-flying animals that can descend through the air from great 
heights without injury. He included under this heading both categories 
mentioned above. The term, parachute, is an accurate designation for the 
mode of descent described in the second category above. 

Despite its broad usage to describe smooth movements that may be em- 
ployed in locomotion through the air, on land, in water, or on ice, the term 
‘*glide’’? appears preferable to similar terms that might be employed to 
describe the first type of aerial locomotion given above. Here the emphasis 
in the use of these two terms is on the mode of descent rather than on 
structural modifications per se. Ona purely arbitrary basis, the two modes 
of descent can be differentiated on the basis of the angle that the descent 
path takes from the vertical line. Thus parachuting can be considered as 
the making of a retarded descentalong a path that deviates from the vertical 
by not more than 45% whereas gliding is the performing of a retarded de- 
scent along a path of more than 45° from the vertical. It is obvious that 
these two modes of descent will merge from one to the other, as do nearly 
all modes of locomotion in vertebrates. However, the two terms, as defined 
here, provide a convenient means of designating the differences in the 
degree of development of this arboreal adaptation. There are also dif- 
ferences in the degree of morphological specialization associated with the 
two modes of descent. For example, the gliding lizards (Draco) have a 
well-developed patagium that is supported by the elongated ribs. No such 
elaborately expanded and supported surface area is found in the parachuting 
forms. 

Among amphibians and reptiles, the only forms definitely known to glide 
are the lizards of the genus Draco, of the tropical forests of southeastern 
Asia and the East Indies. The Fringed Geckos of the Genus Ptychozoon 
have been reported to glide but this now appears doubtful (Smith, 1935). 
These geckos, on the basis of the available accounts in the literature, 
would be referred to as parachuting forms. A number of other geckos of 
the Old World tropics and subtropics have probably developed this ability 
to some degree, for example, the Leaftailed Geckos of Madagascar (Genus 
Uroplates) and of Australia (Genus Phyllurus). 

The only other recent reptiles that have been reported to show such 
adaptation are the tree snakes of the genera Chrysopelea and Dendrelaphis. 
The former of these includes the so-called ‘‘Flying Snakes.’? The mode 
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of descent observed in these is parachuting. This is accomplished by the 
snake leaping from a high limb, stretching out lengthwise, flattening and 
) broadening the body, while drawing in the belly so that it forms a concave 
surface. In this manner these snakes have been observed to descend 
slowly and at an angle to the vertical. 

Among amphibians only frogs have been reported to take to the air from 
t great heights. Alfred Russel Wallace (1869) is responsible for one of the 
earliest reports on the parachuting ability of some members of the Genus 
Rhacophorus of the Indo-Malayan region. Several arboreal species of this 
) Genus (nigropalmatus and reinwardtii) possess enormous webs between 
the fingers and toes, making a large expanse of skin surface relative to 
j body weight. The aerial ability of these frogs has been much discussed. 
Ayyanger (1915) reported these frogs to be excellent gliders, whereas 
Barbour (1926) maintained that the ability of the frogs is greatly exag- 
gerated. There seems to be little doubt that they are parachuters, rather 
than gliders, as the terms have been redefined here. 

» EF In Brazil, Cott (1926) performed some experiments that demonstrated a 
; OE well-developed parachuting ability in a local tree frog, Hyla venulosa. 
When dropped from a height of 140 feet the frog landed ninty feet away 
from the vertical line! Cott later performed some experiments to evaluate 
the assertion that any small frog could probably duplicate this parachuting 
descent because of the greater surface area relative to body weight. He 
|g used a common terrestrial frog of Europe (Rana temporaria) and a European 
tree frog (Hyla arborea). The frogs were selected to approximate the size 
t and weight of the Brazilian frogs. Both European species fell vertically 
} and heavily. Moreover, there was an important behavioral difference between 


the Brazilian and the European frogs in falling. When the Brazilian frogs 
were launched into the air, they always stretched the limbs out at the 
, sides in a constant and characteristic attitude, with the belly downward, 
J even when tossed into the air in such a fashion that they turned over and 
) over, Both European frogs turned over and over during the fall, and did 
1 not assume any Constant position. It was thus purely chance whether they 
; alighted on their feet or on their backs. 

Mertens (1948) points out that the ability to glide or parachute is far 


. more Common among animals of the tropical rainforest than it is in those 
1g of any other habitat. This is especially true for amphibians and reptiles, 
1 and is, perhaps, to be expected in view of the greater numbers of arboreal 


Species that occur in the rainforest as compared to none or only a few 
arboreal forms elsewhere. Certainly the most pronounced arboreal special- 
izations to be found in amphibians and reptiles are present in the species 
of the tropical and subtropical areas: for example, the presence of a pre- 
hensile tail, adhesive disks, and stereoscopic vision. 

Except for Cott’s Brazilian Hyla, the only amphibians and reptiles that 


1 £ definitely have been reported to glide or parachute are inhabitants of the 
_ iG Old World tropics. It is to be expected that additional species inhabiting 
- & both the Old and the New World will be added to the list of forms now 


known to parachute. 
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A PARACHUTING LIZARD 


One of the previously unreported parachuting forms is the Carolina Anole, 
Anolis carolinensis carolinensis Voigt. This lizard has well-developed, 
expanded adhesive pads on the fingers and toes. With the aid of Edwin H, 
McConkey, I performed a series of simple experiments, to test the presence 
or absence of any ability to parachute in this lizard. Four lizards of ap- 
proximately the same weight and size were dropped from a height of thirty- 
seven feet, two inches. They alighted six, six, ten and fifteen feet distant 
from the vertical line. The day was sunny and mild, with virtually no wind. 
The air temperature was 29°C, only slightly below the eccritic temperature 
of this species, 31.4°C. 

One of the most interesting observations made in the experiments was 
that, in falling, all the specimens assumed a constant and characteristic 
posture with the limbs outstretched and the belly downward. Once this 
posture was assumed, there was no noticeable movement except for a slight 
wiggling of the tail. All the lizards fell vertically for one-third to one- 
half of the distance and then suddenly veered away from the vertical before 
striking the ground. In one instance the lizard alighted on concrete but 
was unharmed. From these experiments, the Carolina Anole seems to show 
a marked ability to parachute. 

To obtain some comparative observations on another partly arboreal 
lizard of this same region, three Southern Fence Lizards, Sceloporus un- 
dulatus undulatus, were dropped from the same height and on the same 
day. These lizards were selected to approximate the weight or the length 
of the Anoles, but the species is much stockier and heavier. Two of the 
Fence Lizards were of the same weight as the Anoles but shorter; the 
third individual was of equal length but much heavier. Regardless of size, 
all the Fence Lizards alighted no farther from the vertical line than two 
feet and appeared to fall harder than the Anoles. The most striking dif- 
ference noted was the fact that the Fence Lizards wiggled violently all 
the way down and did not assume any constant and characteristic posture; 
however, they appeared to alight on their feet. 

In contrast to the Anole, the Fence Lizard does not appear to have a 
well-developed ability to parachute. Both species inhabit trees and bushes, 
at least part of the time. The Anole appears to be more arboreal than the 
Fence Lizard and is more frequently found at greater heights from the ground. 
The difference in ability to parachute in these two forms is probably due 
in large degree to the morphological differences and overall size. The 
proportion of surface area to body mass is considerably greater in the 
Anole than it is in the Fence Lizard. One of the Anoles had a snout-vent 
length of 65 mm and weighed 6.4 grams; a Fence Lizard of the same length 
weighed 15 grams. Fence Lizards lack expanded adhesive pads on the 
fingers and toes. 

The Fence Lizards made no effort to assume and maintain while falling 
a constant posture with the arms and legs outstretched. This behavior was 
noticeably different from that of the Anoles in which a characteristic posture 
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was assumed by all of the individuals observed. This posture, with arms 
and legs outstretched and the belly downward, exposes the maximum pos- 
sible surface, including the area of the expanded adhesive pads. It is of 
interest to note that the posture assumed by the Anoles is very similar to 
that reported by Cott for the Brazilian Hyla and for the parachuting Rhaco- 
phorus (see Cott, 1926, figs. 1-3). This is approximately the same position 
that is assumed by the gliding lizards (Draco), and the gliding mammals 
when in the air. Since these experiments, I have observed the same phe- 
nomenon in wild lizards under natural conditions. On several instances 
when I have pursued wild Anoles to the top of small trees they have en- 
deavored to escape by leaping to the ground. Each time the lizard assumed 
the characteristic posture when in the air. 

The evolution of this behavioral pattern in arboreal species appears to 
be of the utmost importance and is a constant characteristic of those forms 
that are known definitely to parachute. In the evolutionary development of 
the ability to parachute it appears that the acquisition of the behavioral 
pattern has proceeded independently of, and probably subsequent to, the 
development of structural modifications acquired for that purpose. All 
parachuting forms mentioned here differ considerably in their morphological 
attributes yet exhibit the same basic behavior pattern when parachuting. 
The morphological differences between the Brazilian Hyla venulosa and the 
European Hyla arborea are not sufficient to account for the vastly different 
performance recorded in Cott’s experiments. Here the difference in per- 
formance results from a difference in behavior under the same circumstances. 

It would be of considerable value and interest to study the differences in 
the ability to parachute in different species of a large genus containing 
arboreal and semiarboreal species in order to analyze the evolutionary 
development of the adaptive behavior patterns and various morphological 
adaptations associated with the arboreal habit. Among amphibians and 
reptiles, frogs of the genus Iyla and lizards of the genus Anolis would pro- 
vide excellent material for such an investigation. In each of these genera 
there are highly specialized arboreal species, semiarboreal species, and ter- 
testrial species. These differences in habits appear to be associated with 
well-marked differences in morphology and behavior, at least in the genus 
Anolis (Oliver, 1948). However, the actual analysis of these in relation to 
one another and in relation to phylogeny should prove a fascinating study 
and would considerably increase our understanding of the evolution of 


adaptive attributes. 


SUMMARY 


The ability of some amphibians and reptiles to descend through the air 
from great heights without harm is reviewed. Among living species, two 
extremes of development of this arboreal adaptation are recognized on the 


basis of two different modes of descent: gliding and parachuting. The 
ability to parachute is reported for the Carolina Anole, Anolis carolinensis 


carolinensis Voigt. 
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EFFECT OF TEMPERATURE AND MOISTURE CONTENT 
OF THE NUTRIENT MEDIUM ON THE VIABILITY OF 
CHROMOSOMAL TYPES IN DROSOPHILA 
PSEUDOOBSCURA 


B. SPASSKY 


Columbia University, New York 


Most natural populations of Drosophila pseudoobscura are known to be 
mixtures of chromosomal types which differ in the gene arrangements 
in the third chromosomes. Observations in nature as well as laboratory 
experiments have shown that these chromosomal types differ in their 
adaptive values in different environments. Thus, at the temperature 
of 25°C, the heterozygotes for the Standard and Chiricahua gene arrange- 
ments are superior to the Standard homozygotes, and the latter are 
superior to the Chiricahua homozygotes. And yet, at 16°C the adaptive 
values of these chromosomal types are alike within the limits of the ex- 
perimental errors (Dobzhansky, 1947). The influence of the humidity of the 
air on the survival rates of pupae, and of temperature on the longevity of 
the adult flies have been studied by Heuts (1947, 1948). The experiments 
reported below suggest that the moisture content in the culture medium in 
which the larvae develop also acts differentially on the survival of the 
different chromosomal types. 

The material used consisted of eight strains, each homozygous for 
Standard, Arrowhead, or Chiricahua gene arrangements. The progenitors 
of these strains were collected at Pinon Flats, Mount San Jacinto, Cali- 
fornia, in 1944. These are the same strains which were used in the ex- 
periments of Dobzhansky and Heuts. Standard, Arrowhead, or Chiricahua 
flies were outcrossed to a laboratory strain which carried in its third 
chromosome the dominant gene Lobed and the recessive orange. The gene 
arrangement in the third chromosome marked with the gene Lobed was Santa 
Cruz; very little detectable crossing over takes place in the heterozygotes 
carrying Santa Cruz and the other chromosomes. In the F , generations of 
these crosses, Lobed/Standard, Lobed/Chiricahua, and Lobed/Arrowhead 
flies were selected and inbred in different culture bottles. Since Lobed is 
lethal when homozygous, a segregation in the ratio of 66.67 per cent Lobed: 
33.33 per cent wild-type (homozygous for Standard, Arrowhead, or Chiricahua 
chromosomes respectively) should occur. Since, however, the gene Lobed 
teduces the viability of its carriers, the ratios actually observed vary, 
depending upon the viability of the different homozygous chromosomal 
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types. Observations on these ratios permit, therefore, comparisons of the 
viability performance of the Standard, Arrowhead, and Chiricahua 
homozygotes. 

Two kinds of nutrient media have been used in the experiments. One of 
them, denoted as ‘‘Regular,’’? has been described by Spassky (1943) It 
consists of 500 gm. of cream of wheat and 533 cc. of molasses in 3600 cc, 
of water. The ‘“‘Dry’’ medium contained 500 gm. of cream of wheat and 
400 cc. of molasses in 1800 cc. of water. Samples of both media were 
analyzed for water content. The regular medium contained about 72 per 
cent, and the dry medium about 54 per cent water. 

Fifteen Lobed females and a like number of males served as parents of 
each culture. In all cases the females and males came from different 
strains with the same gene arrangement. This precaution is very important. 
Indeed we are interested in the relative viabilities of the Standard, Arrow- 
head, and Chiricahua flies as classes, and not in the viability of homozy- 
gotes for individual chromosomes, which may contain recessive viability 
modifiers, including lethals. The flies were permitted to oviposit for about 
twenty-four hours at room temperature, whereupon the adults were trans- 
ferred, without etherization, into new oviposition bottles. The bottles 
with the eggs deposited in them were placed in constant temperature rooms 
either at 25°C or at 16°C. When the F, generation hatched, counts of 
Lobed and wild-type flies were made at 3-day intervals, until the cultures 
were exhausted. The viability data are summarized in table I. 

No significant differences in frequencies of wild-type flies have been 
found among the homozygotes for the different gene arrangements developing 
on the normal medium at 25°C. At the same temperature, but on the dry 
medium the Chiricahua homozygotes survive relatively better than do 
Standard or Arrowhead homozygotes (the difference between Chiricahua 
and Standard is 3.44+1.62 per cent in favor of Chiricahua, and that between 
Chiricahua and Arrowhead 6.6 + 1.46 per cent in favor of Chiricahua. At 
16°C, the only significant difference seems to be that between Standard 
and Arrowhead on regular food (3.63 +1.72 per cent in favor of Arrowhead). 


TABLE I 


PERCENTAGES OF WILD-TYPE FLIES IN CULTURES WITH DIFFERENT 
GENE ARRANGEMENTS 


Regular medium Dry medium 
Gene 

arrangement Flies Per cent Flies Per cent 
counted wild-type counted wild-type 

Standard 25 1031 39.18 £1.54 1557 37.44 £1.23 
Chiricahua 25 1313 36.10 1.32 2096 40.88 +1.07 
Arrowhead 25 923 35.31 £1.57 2258 34.72 1.00 
Standard 16 1454 35.49 £1.25 1597 36.01 +1.20 
Chiricahua 16 2745 37.38 10.94 2844 34,38 10.89 


Arrowhead 16 1654 39.12 £1.20 2589 34.80 +0.94 
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More interesting for our purpose are differences in the viabilities of the 
same chromosomal types in different environments. Chiricahua homozygotes 
are relatively more viable on the dry medium than on. the regular medium 
at 25°C (the difference is 4.78+1.70 per cent). At 16°C Chiricahua homo- 
zygotes are more viable on regular than on the dry medium, the difference 
being 3.00+1.28. Arrowhead homozygotes are more viable on the regular 
than on the dry medium at 16° C (the difference is 4.32+1.52 per cent), 
although apparently not at 25°C. The Chiricahua homozygotes are relatively 
more viable at 25°C than at 16°C when raised on the dry medium (the 
difference is 6.50+1.39 per cent), although no such difference is apparent 
on the regular medium. 

It should be kept in mind that the present study is concerned with com- 
parisons of the relative viabilities of the different chromosomal types 
during only a part of the life cycle, extending from the egg stage to the 
hatching of the adult. ‘The viability, the fecundity, longevity, and other 
physiological characteristics of the adult flies are beyond the scope of 
the present study. The bearing of the present findings on the situation 
observed in natural and in experimental populations of Drosophila pseudo- 
obscura is therefore limited. However, the characteristics studied are 
components of the overall adaptive values of the chromosomal types com- 
pared. As far as our data go, Chiricahua homozygotes seem to have certain 
survival advantages in warm and dry environments. It may be interesting 
in this connection to recall that the Chiricahua gene arrangement reaches 
its highest frequencies in the populations of Northern Mexico (Dobzhansky, 
1948), On the contrary, the Arrowhead homozygotes may be superior in 
colder and more humid environment. The geographic distribution shows 
the highest frequencies of Arrowhead in the Great Basin, northwards up to 
the interior of British Columbia.’ 


SUMMARY 


The relative viabilities of the homozygotes for the Standard, Arrowhead, 
and Chiricahua gene arrangements have been compared in cultures with 
tegular and with dry nutrient medium. The cultures were kept at tempera- 
tutes of 16°C and 25°C. Chiricahua homozygotes find optimal conditions 
on the dry food and at 25°C, while Arrowhead homozygotes are superior 
on the regular food and at 16°C. 
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ALIST OF CHEMICAL SUBSTANCES STUDIED FOR EFFECTS 
ON DROSOPHILA, WITH A BIBLIOGRAPHY’ 


IRWIN H. HERSKOWITZ 


Louisiana State University School of Medicine 


It was not until recently that the induction of heritable changes by chem- 
ical substances was clearly demonstrated in experiments with Drosophila 
by Auerbach and her associates. However, earlier work on the genotypic 
and phenotypic effects of various chemicals on Drosophila contain a wealth 
of information which may be of use to the investigator. There are several 
studies on chemically induced mutation which are not widely known, par- 
ticularly those done in Russia by Rapoport, Gershenson, and others. There- 
fore, it was felt that a compilation of titles and a list of chemicals studied 
thus far in Drosophila would be useful. 

The present handlist contains 314 references, including titles through 
the year 1950. Except for 50 new references, this work is almost identical 
with the one included by Dr. M. Demerec in Drosophila Information Service, 
No. 24: 107-122, 1950. In general the bibliography does not list papers 
concerned solely with ionizing and non-ionizing radiations, temperature, 
or age. A number of papers dealing with the lethal effect of insecticides 
on Drosophila have also been omitted. However, a few titles are included 
that show the variety of methods by which the induction of mutations has 
been attempted. References to studies on the development of a chemically 
defined medium for Drosophila are included since it is becoming apparent 
that more meaningful results will be obtained when the food variable is 
controlled. 

The review articles by Timoféeff-Ressovsky (233) and Auerbach (10,11) 
have not been cross-indexed with the list of chemical substances. An 
asterisk in the list of chemical substances means that no test for muta- 
genicity has yet been made. Numbers following each substance refer to 
entries in the bibliography. An asterisk in the bibliography indicates that 
the reference contains no work on chemical mutagens; a question mark 
means that the paper was not available for checking. 


CHEMICAL SUBSTANCES 


Acetic acid—142, 144, 172, 260 
Acetylaminofluorine—64, 67, 74, 75 
Acenaphthene—264 


'This work was initiated at the Biological Laboratory, Cold Spring Harbor, 
N. ¥., and completed in the Department of Surgery, L. S. U. School of Medicine 
Where it has been supported by a grant from the National Cancer Institute, U. S. 
Public Health Service. 
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Acriflavine—64, 67, 70, 71, 72, 74, 214 
*Adenine—118, 234, 246 
*Alanine—252 
*Alcohol, butyl—97 
Alcohol, ethyl—34a, 6la, 97, 151, 152, 169, 176b 
Alcohol, methyl—152 
Aldehydes, unsaturated 
Acrolein—202 
Crotonaldehyde—202 
Citral—202 
Citronellal—202 
Hydroxycitrone llal—202 
Propargyl aldehyde—202 
Allyl isothiocyanate (Mustard oil)—14, 19, 22, 23, 221 
p-Aminoazobenzene—64, 67, 69, 70, 75 
2-Amino-5-azobenzene—69, 74 
2-Amino-5-azotoluene—64, 67, 70, 73 
*p-Aminobenzoic acid—199 
*Aminopterin (4-Aminopteroglutamic acid)—100, 100a, 101 
Ammonia—22, 142, 145, 260 
Ammonium hydroxide—258a, 259 
*Ammonium thiocyanate—199 
Anthracene—67, 69, 70, 74, 75 
*Antimony—199 
Arachis oil—28 
*Arginine—26b, 255 
*Arsenic compounds—186 
Arsenic acid—152 
Arsenic trioxide—139b, 165, 217 
Azobenzene—67, 69, 70, 74, 75 
Azoxybenzene—G4, 67, 69, 70, 74, 75 
*Barbituric acid—235 
*Barium fluoride—199 
1, 2-Benzanthracene—67, 69, 70, 73, 74, 75 
*Benzimidazole—234 
3, 4-Benzpyrene—G64, 66, 67, 69, 70, 73, 74, 75, 83, 84 
Body fluid, larval—257 
*Boron compounds—186 
*Boric acid—88 
Caffein—77, 78 
*Calcium ion—203a, 204a 
Carbamic acid, derivatives of 
Methyl ester—193 
Ethyl ester-(Urethane )—193, 236, 237, 238, 239 
Propyl ester—193 
Pheny lurethane—193 
Butyl ester—193, 238 
Isobutyl ester—193 
Amy]! ester—193 
Isoamyl ester—193 
Carbon dioxide—49, 139c, 140, 145c, 152, 162, 163 
*Carbon monoxide—97, 256a, 256b 
*Cerium fluoride—199 
*Chemically defined medium—26b, 49a, Glc, 6ld, Gle, 102a, 102b, 119, 1388, 
138b, 138c, 145a, 145b, 175a, 176, 204a, 215, 232, 234 
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Chloracetone—14, 22, 23 

*Chloroform—97 

Chloropicrin—9, 15 

*Cinchonine—110 

Colchicine—33, 34, 82, 86, 87, 103, 105, 106, 139, 192 

*Copper metabolism—184, 185, 185a 

Copper sulfate—71, 115, 139, 150, 151, 152, 258a, 259, 260 

Cresol—106 

Crystal violet-—71, 72, 214 

*Cyclohexanone—191 

*Cyclopentanone—191 

*Cysteine—253 

*Cystine—253 

*Cystine disulfoxide—244 

*Cytosine—249 

*DDT—122, 147a 

DDT derivative, Gesarol—172 

1,2,5,6-Dibenzanthracene—2, 3, 65, 67, 68, 69, 70, 73, 74, 75 

1,2,5,6-Dibenzanthracene phenolic derivatives—47 
diol—52 
4’Hydroxy-1,2—benzanthracene—52 
1,2,5,6-Dibenzanthracene (3,4?) diol—52 

Dichloracetone—14, 22, 23 

1:2, 3: 4-Diepoxybutane—28a 

p-Diethylaminoazobenzene—64, 67, 69, 70, 74, 75 

Diethylstilbesterol—136a, 223, 224 

Diethyl sulfate—197 

p-Dimethylaminoazobenzene—64, 67, 69, 70, 73, 74, 75 

9,10-Dimethyl-1 ,2-benzanthracene—2, 3 

Dimethyl sulfate—197 

2,4-Dinitrophenol—115, 116, 232 

beta-Dinitrophenol—151a 

gamma-Dinitrophenol—15la 

*Dioxane—97 

*Diphenyl ketene—191 

Ether—89, 96, 97, 107, 108, 109, 138, 164, 176a, 177, 217a 

Ethylene glycol—26 

Ethylene oxide—28a, 201 

Fast green—71, 72, 214 

Ferrum oxydatum saccharatum liquidum—36, 38 

*Fluoric acid—199 

*Fluoroiodine—199 

*Folic acid (Pteroglutamic acid)—100, 100a, 101 

Follicle hormone 
Oestron—123 
Progynon—77, 78, 79, 80, 82 

*Folliculin—158 

Formaldehyde—9, 13, 16, 104, 115, 117, 124, 146, 191, 195, 198, 216 

*Glutathione—244 

Glycidol—201 

Glycols—201 

Guanine—187, 234, 247 

Harmine hydrochloride—84a 

Heavy water—261, 262 

Hydrazine hydrate—71, 115 
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*Hydrazine hydrochloride—199 
Hydrochloric acid—99 
*Hydrocyanic acid—97 
p-Hydroxyazobenzene—64, 67, 69, 70, 73, 74, 75 
*Imidazole derivatives—132 
*Indophenol reaction—56 
Iodine—205, 206, 207, 240a, 241, 24la 
Iodine solution—136, 139, 208, 263 
Iron—31, 32, 183, 184, 185a 
Janus green—55, 71, 72, 166, 214 
*Lactic acid—225 
Lead—31, 32 
Lead acetate—39, 152, 156, 157, 165 
Lead nitrate—178, 179 
Lewisite—20, 22, 23 
Lithium carbonate—152 
Manganese chloride—165 
Menthol—15la 
Mercuric chloride—149, 199 
*Mercury thiocyanate—199 
*Methionine—2 53 
20-Methylcholanthrene—2, 3, 25, 26a, 40, 42, 43, 44, 45, 64, 66, 67, 69, 70, 74, 
455, 209 
Methyl green—71, 72, 214 
Methyl uracil—187 
Methylene blue—24, 55, 152, 224a 
Mercuric chloride—71, 137 
*Michler’s ketone-—191 
Morphine hydrochloride—152 
Mustard gas (Dichlorodiethyl sulphide)—6, 7, 12, 14, 15, 20, 21, 23, 93, 148, 220 
alpha-Naphthylamine—G64, 67, 69, 70, 74, 75 
beta-Naphthylamine—66, 67, 69, 70, 74, 75 
Neutral red—48, 71, 72, 199, 214, 231 
*Nipagin—5 7a 
*Nitrobenzaldehyde—191 
*Nitrogen—138c 
Nitrogen and sulfur mustards—23 
amine, or N-methyl-di(2-chloroethy!)amine—8, 9, 14, 
22, 29, 30, 40, 41, 42, 43, 44, 64, 65, 74, 113, 115, 116, 125, 126, 127, 129, 
204, 242 
Tri-(2-chlorethyl)amine—14, 22 
2-2’ Di-(3-chlorethylthio)-diethyl ether—14, 22 
NN-Di-(2-chlorethyl)-p-toluidine—27, 28 
NN-Di-(2-chloroethy])-p-anisidine—27, 28, 28a 
beta-Naphthyldi-(2-chloroethyl) amine—27, 28 
beta-Na phthyldi-(2-chloropropyl) amine—28 
2:4:6-Tri(ethyleneimino)-1 : 3 : 5-triazine—28a 
*Nitrous acid—199 
Nucleic acid—228 
Desoxypentose nucleic acid—90, 91, 92, 94, 100, 139a, 167, 172a, 187, 229, 
229a, 234, 264a 
Pentose nucleic acid—100, 167, 234 
Osmic acid—22, 23 
*Oxygen—145c, 152a 
Pancreatin—257, 258 
Paraformaldehyde—191 


CHEMICAL SUBSTANCES STUDIED FOR EFFECTS ON DROSOPHILA 


*Parathiocresol—244 
*Perchloric acid—196 
Phenanthrene—G64, 67, 69, 70, 74, 75, 229 
Phenol—24, 71, 96, 97, 104, 105, 106, 171, 172 
*Phenylalanine—252 

*N-Pheny! nile blue chloride—254 
*Phenylthiourea—l1lla 

Picric acid—22, 23, 106 

Pilocarpine (Tincture of jaborandi leaves)—77, 78 
Potassium—130, 203a 

*Potassium arsenite—88 

*Potassium cyanide—97 

Potassium iodide—24 

Potassium ferricyanide—71 

*Potassium fluoride—199 

*Potassium oxalate—35 

Potassium permanganate—71, 139, 169, 172 
Potassium thiocyanate—149, 199 
*/-Proline—245 

*Propylthiouracil—1llla 

Pyrene—64, 67, 69, 70, 74, 75 

Pyrogallol—9, 14 

Pyruvic acid—170 
*Quinine—110 

Quinine sulfate—152 

Quinone—106 

*Ribose—234 
*Royal jelly, lipid fraction—222 

Safranin O—71, 72, 214 
0 Sea-water—77, 78 
| Semicarbazide hydrochloride—149, 199 

Sesame oil—G67, 68, 70, 75 

‘Silver compounds—™185a, 186 

‘Silver acetate—199 
*Silver chloride—199 
‘Silver citrate—199 
‘Silver fluoride —199 
4, ‘Silver lactate—186 

9, Silver nitrate—71, 76, 98, 149, 199 

"Silver nucleinate—199 

"Silver sulfite—199 
‘Sodium ion—204a 
‘Sodium borate—199 

Sodium chloride—239 

Sodium desoxycholate—9, 64, 67, 70, 74, 75 
Sodium fluoride—149, 199 

Sodium hydroxide—229, 258a, 259, 260 
*Sodium hypochlorite—199 

Sodium metaborate—149 
09, ‘Sodium nitrite —199 
*Sodium perchlorate—199 

Sodium phosphate—46, 47, 84a, 159, 160, 161 
Sodium tetradecylsulfate—71 
Strychnine sulfate—152 

Sulfur drugs 
O Amino phenylsulfamide—54, 230 
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Sodium sulfathiazole—71 
Sulfanilimide—71 
*Tartaric acid—185a 
*Thiamin—211, 212 
*Thiocyanic compounds—193 
*Thiourea—111, llla, 111b 
*Thymine—100, 250 
*Thyroid gland—1, 203, 203a 
*Thyroxin—135 

Toluidine blue—71, 72, 214 
*Trichlorlactic acid—199 
*Trypan blue—72, 214 
Trypsin—115, 257, 258 
*Tryptophane—199, 251 
*Tyrosine—252 

Uranyl acetate—37 
Uracil—187, 234, 248 
Urotropine—191 

Vitamin B,, lack—173, 174 
*Zinc sulfate—1 (2 
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DELETERIOUS GENES IN WILD DROSOPHILA MELANO- 
GASTER FROM ISRAEL! 


ELISABETH GOLDSCHMIDT 


The Hebrew University, Jerusalem, and Columbia University 


Since the concentration of unfavorable recessive genes in populations 
may furnish a clue to their hidden variability on the whole, and to their 
structure, size and breeding habits, it is important to gather a maximum of 
information on deleterious genes in populations of different geographic 
origin in a variety of species. Comprehensive investigations of lethal gene 
content in D. pseudoobscura were carried out by Dobzhansky and co-workers 
(1938, 1941, 1942). Recently, Brazilian populations of D. willistoni have 
been subjected to a similar analysis by Pavan et al. (1951). For a study of 
the variation in concentration of lethals under different environmental con- 
ditions, the cosmopolitan D. melanogaster should be a suitable object, 
but for this species only two sets of data from widely distant regions are 
available at present. While Ives’s (1945) results from the United States 
indicate a very high concentration of lethal and semilethal genes (34-65 
percent), Dubinin’s (1945) figures for Russian populations are consistently 
lower, ranging from 9.8-29.2 percent, with the single exception of the 
Kutaisi population, which in November 1939, contained 38.9 percent lethals. 
Unfortunately, the results of these two authors are not strictly comparable, 
for it is not known to what level of viability semilethals are included in 
Dubinin’s data. 

However this may be, the population structure in the two areas investi- 
gated must be very different and it seems desirable to gain some infor- 
mation on the hidden variability of this species in other climatic regions. 
As a first contribution to an analysis of Middle East D. melanogaster popu- 
lations, 243 second chromosomes from Israel were investigated by back- 
crossing to the Cy L/Pm stock, a modified ‘Cl B method’, which was 
described in detail by Wallace (1950a). Except for the few cultures, where 
not enough flies were available, five males and five females heterozygous 
for the same chromosome II and for the Cy L chromosome were utilized in 
the crucial F_ cross. These five pairs were transferred twice, at intervals 
of three days, and the three bottles for each chromosome yielded an average 
of 552 flies, each bottle being scored at intervals of three days, three times, 
as a rule, until the appearance of the next generation. Figure 1 shows the 
frequencies of chromosomes of different viabilities, the latter being ex- 
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pressed as the percentage of homozygous wild flies appearing in the total 
count for each chromosome. Disregarding crossing-over, the expected 
viability of the average heterozygote for two viable wild chromosomes II 
should be 33.33 percent, provided that the viability of the Cy L chromo- 
some were normal. In reality, the viability of the Cy L chromosome utilized 
is reduced by somewhat less than one percent. The crossovers, on the 
other hand, which are more frequent among the oifspring of young females 
and fall off to zero as the mothers grow older (cf. Whittinghill and Hinton, 
1950), in their turn amount to a little below one percent. It is therefore 
most Convenient to pool the crossover types with the curly-lobe class, and 
to determine the percentage of wild type homozygotes in the total, 
accepting 33.33 as the standard viability of the ‘normal’ heterozygote.’ 
Accordingly, chromosomes of a viability less than 16.67 percent in the 
homozygous condition should be considered as semilethal. These figures 
compare well with those of Ives, who assumed the theoretical 33.3 percent 
for the average heterozygote and fixed 17 percent as the upper limit of the 
semilethal range. 

The distribution of frequencies in figure 1 follows the characteristic 
pattern in showing two maxima, one at the lethal level (0-3.33 percent), 
and another one below the accepted normal level of 33.33 percent. This 
clustering of mutations at the lethal and at the subvital level and their 
comparative rarity throughout the intermediate range has been observed in 
all populations analyzed, wild and experimental, but developmental genetics 
has not furnished, as yet, a satisfactory explanation for this peculiar 
phenomenon. 

The average viability of all chromosomes above the semilethal range 
amounts to 27.98 percent in the present sample. It is by no means su- 
prising to find the average homozygote so much (5.35 percent) inferior to 
the average heterozygote and all workers concerned with recessive dele- 
terious genes have considered this characteristic shift of the maximum as 
an indication of the importance of heterosis in the maintenance of 
populations. 

The present analysis yielded 25.10 percent lethals (0-1.67 percent 
viability, corresponding to Pavan and co-workers’ 5 percent viability level) 
and 13.58 percent semilethals, resulting in a total of 38.68 percent dele- 
terious chromosomes. The lethals thus represent 64.89 percent of the total 
deleterious class. This proportion is in good agreement with Pavan and 
coworkers’ data for D. willistoni, being intermediate between their per 
centage for the third (61.32 percent) and for the second (69.42 percent) 
chromosome, but it differs strikingly from the results of Ives (1945), who 
obtained 86.9 percent true lethals among his invisible deleterious genes, 
although he includes in the lethal class only those of complete inviability. 

The sample from Israel analyzed here includes 41 chromosomes collected 
at different times in various parts of the country. The remaining 202 chromo 


2Dr. B. Wallace, Cold Spring Harbor, kindly informs me that this is the average 
viability of the heterozygote in several series of test crosses performed in his 
laboratory. 
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somes came from two collections made by Mr. J. Wahrman in the mount. 
ainous Jerusalem area on October 20 and November 13, 1950, and may be 
considered to constitute a fairly uniform sample with regard to time and 
locality. The percentage of lethals and semilethals among these 202 
chromosomes was 41.09 percent, a little above the 38.68 percent obtained 
for the total 243 chromosomes. This concentration of deleterious genes is 
comparable with the lowest figures obtained by Ives for the United States, 
being approximately midway between his value for Massachusetts, 1938 
(45.0 percent), and that for Maine 1942 (34.2 percent). Ives’s value for 
the viability of the average homozygote shows a certain inverse relationship 
to deleterious gene content; hence, it is interesting to note that the value 
here obtained is a little below his highest (28.53), indicating that popu- 
lation size at this range may be similar. 

On the other hand, the percentage of deleterious genes in the Israel 
population of D. melanogaster is much higher than any of the values re- 
corded by Dubinin for different Russian populations, with the exception of 
the Kutaisi population (38.8 percent). As stated above, we do not know 
what Dubinin defines as ‘lethals,’ but, assuming that he includes semi- 
lethals at least up to the 6.67 percent level, the comparable figures would 
be 32.1 percent for the total sample from Israel and 33.7 percent for the 
Jerusalem population in autumn and would still exceed all of Dubinin’s 
percentages, except for Kutaisi. 

This comparison indicates that the breeding populations of D. melano- 
gaster in Israel may be fairly large, approaching the conditions reached in 
certain areas of the Northeastern United States. In view of the climatic 
peculiarities of the Middle East, where the cold rainy season is followed 
by a long, hot and dry summer, and in view of the difference between the 
colder and drier mountain climate and the hotter and more humid conditions 
of the coastal plain, it would be desirable to gain more specific information 
on the lethal concentration in different parts of the country during the 
seasonal cycle. While it stands to reason that the ‘bottleneck’ in popu- 
lation size in the Eastern United States should be at the close of the humid 
summer, it is not easy to predict when it should occur in a much more 
arid climate. 

It is a pleasure to acknowledge the aid and encouragement received from 
Professor Th. Dobzhansky in the course of this study, as well as the 
hospitality of his laboratory. 


SUMMARY 


An analysis of deleterious gene content in a sample of 243 second chro 
mosomes of wild D. melanogaster from various parts of Israel yielded 38.68 
percent lethal and semilethal genes; 202 chromosomes out of this total 
were collected in autumn in the Jerusalem area, and for this more uniform 
sample the content of lethals and semilethals was 41.09 percent. This 
concentration of deleterious recessives exceeds most of the values recorded 
by Dubinin for Russia, and is similar to his highest exceptional value; it 
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ranges among the lower percentages observed by Ives in populations of 
the Eastern United States. Hence in spite of the semi-arid climate, the 
size of the breeding populations of D. melanogaster in Israel may be com- 
parable to that of certain areas in the humid Eastern United States. 
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NATURAL HISTORY AND THE BIOLOGICAL SCIENCES 


CHARLES T. BRUES 


Harvard University 


The partially fire-proof and calamity-proof structure that houses workers 
in biology today has undergone a vast amount of remodeling. Since its 
first appearance as a tiny cyclone cellar which the blasts of dogma could 
not entirely erase, it has risen into the open quite in conformity with the 
heliotropic movement prevailing among those forms of animal and plant 
life that compete in the open. Its architecture has been kept continuously 
modern, for its time, and consequently much has been torn away, replaced— 
sometimes later to be resurrected—leaving here and there a few relics of 
its previous form. Of course, most of these have been polished, revar- 
nished, or otherwise superficially disguised to suit the fleeting fancy of 
successive tenants. 

Meanwhile, as in a pioneer New England dwelling, additional ells have 
been found necessary for the increasing family, including marital supple- 
ments—chemists, physicists, mathematicians, sociologists. The first 
genetation crosses of these, all evincing the expected heterosis or hybrid 
vigor, include biochemists, endocrinologists, biophysicists, ecologists, 
geneticists, eugenicists, statisticians, to mention only a few conspicuous 
examples. 

In later generations, naturally all these varied genes have popped up in 
many unexpected combinations. Certain polyploid agglomerations like the 
anthropologists confine their attention strictly to a single species of animal, 
though they allow nothing pertaining to his corporeal and spiritual body, 
nor his past history and unpredictable future, to escape their zealous 
eyes. Further afield, sociologists brazenly envision the rising tide of hu- 
man depravity overwhelming man as a social animal, something for which 
he was not modeled by Nature. No less timid souls still further transcend 
the biological level. They seek by force of law to induce mutations in our 
instinctive and innate intellectual behavior to eliminate its unsocial traits. 
Perhaps entomologists may be to blame for this thesis, as they have sur- 
mised with good reason that significant mutations in instinct occur at long 


intervals among insects. 

In contrast, other biological offspring, like the general physiologists, 
seek to compress into a few fundamental principles all the varied activities 
of the innumerable world of animate nature. 

Thus, workers in one specialized field of biological science at the pres- 
ent day recognize the devotees of another with difficulty on the street, or in 
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the reports of their achievements before learned gatherings. These diver. 
gences began slowly, but the pace has been stepped up and the field of 
biology has been so unexpectedly widened and intensively cultivated jp 
many circumscribed areas that the young naturalist who entered professional 
life half a century ago has seen the whole face of biological science change 
so completely that he can no longer see the forest for the trees. Further. 
more, he is sufficiently familiar with so few of the trees thathe must be con 
tent to understand the remainder but vaguely on the authority of some col 
league to whom the other denizens of the forest are equally intriguing, 
though unfortunately utterly strange. 

This narrowness of understanding is the inevitable consequence of the 
biological structure itself. Those who have watched its modernization over 
an extended period of time have come to a gracious acceptance of their in- 
competence as mediators. They remain as outmoded experts in some rapidly 
narrowing corridor, frantically trying to keep track of their co-workers through 
the medium of some expansive rogues’ gallery, ‘‘Who’s Who,’’ or by way of 
some short-cut to omniscience such as the Biological Abstracts, the Zoo 
logical Record, or other less encyclopedic digests. 

Among the first groups of biologists to develop clannish propensities were 
the entomologists. They established numerous societies and journals that 
flourished during the last century, more luxuriantly after 1875. While this 
was going on, other zoologists continued collectively to pour their rapidly 
increasing output into a few more general journals, Zeitschrifte and Jabr 
biicher. When these finally blew up from internal pressure, the fragments 
congealed into an assortment of Abteilungen or separately named journals, 
variously devoted to more limited and discrete fields of research. To these 
entomologists are now contributing more and more extensively, together with 
others who find that insects are eminently suitable materials for varied 
kinds of experimental investigation. 

With this background, it is refreshing to discern here and there on the fat 
horizon some lone ‘‘naturalist’’ who still clings to the precarious supposi- 
tion that the divergent phases of natural history are amenable to integration 
without loss of clarity or dignity. The exposition of such a viewpoint is 
contained in a recent book, entitled ‘‘The Nature of Natural History,’ by 
Marston Bates, an entomologist of wide and varied experience. This 
markably sane and well-balanced account of the varied aspects of natural 
history has furnished the occasion for the present remarks. Much that it dé 
tails is commonplace to the professional biologist, but the vigorous expos 
tion of natural history as a comprehensive background for the understanding 
of the several more restricted biological fields may be read universally and 
digested with profit. Such an outlook can do much to mitigate the insidious 
myopia that is creeping into teaching and research in the biological 
sciences. 


1309 pp. Charles Scribner’s Sons, New York, 1950. 
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